Introduction
============

Dry weight estimation and nutrition assessment are vital procedures for hemodialysis (HD) patients because they affect the patient's prognosis and quality of life. Recently, bioimpedance analysis (BIA) has been widely used to analyze the volume, body composition, and nutritional status of dialysis patients \[[@b1-krcp-37-393]--[@b3-krcp-37-393]\]. BIA estimates body composition, including intracellular water (ICW), extracellular water (ECW), total body water (TBW), protein mass, mineral mass, skeletal muscle mass, and visceral fat area, based on measurements of impedance, reactance, and phase angle \[[@b4-krcp-37-393]\]. Segmental multi-frequency BIA has recently been developed and utilized in clinical practice, allowing measurement of not only the total body composition but also the segmental body composition \[[@b5-krcp-37-393],[@b6-krcp-37-393]\].

Although HD patients show periodic changes in fluid volume before and after dialysis, this does not directly indicate changes in specific BIA components. Significant increases in impedance, reactance, and phase angle after dialysis have been identified in a previous paper \[[@b7-krcp-37-393]\], but few studies have investigated detailed changes in BIA components pre- and post-HD, especially in East Asian HD patients, and information on segmental changes in BIA components is scarce. Therefore, this study aims to 1) compare the hydration and nutritional status of HD subjects with those of the general population using BIA, and 2) investigate the patterns of change in BIA component measurements in pre- and post-HD subjects, including segmental BIA values.

Methods
=======

Subjects and measurements
-------------------------

This study was conducted with patients on maintenance HD (3 times a week) at two hospitals (Seoul National University Hospital and Seoul National University Boramae Medical Center) from July 2014 to August 2014. Only patients older than 18 who underwent BIA pre- and post-HD were enrolled. Patients suffering an acute illness within the previous 3 months and those with active malignancy, pulmonary edema, liver cirrhosis with ascites, New York Heart Association (NYHA) III or IV congestive heart failure, amputation, or lymphedema of the limbs were excluded. Clinical information, including past medical history, the cause of end-stage renal disease (ESRD), and HD vintage, was collected from the patient's medical chart. BIA was measured at mid-week dialysis sessions. Patients were instructed to take their meals 2 hours before dialysis to avoid interference effects of the meal, and were not allowed to eat during the course of dialysis. Once they were admitted to the dialysis unit, the patients changed into a hospital gown and were instructed to lie straight on the bed after measurement of their pre-HD weight. The patients rested for 10 minutes in a lying position and then BIA was measured using an S10 device (InBody, Seoul, Korea). Electrodes were attached to both hands and legs. The hand electrodes were attached to the thumb and the middle finger, while the foot electrodes were attached inside the medial side and outside the lateral side. After completion of pre-HD BIA measurements, blood tests were conducted simultaneously through venipuncture, and then dialysis was performed in the lying position. Once dialysis was completed, patients' post-HD weight was measured and BIA was measured in the same supine position. A chest X-ray was obtained before HD at the same day that BIA was conducted. Pretibial pitting edema was assessed by one trained physician before HD. The definition of leg edema was as follows: grade 1, ≤ 2 mm, disappears in 3 seconds; grade 2, 2 to 4 mm, disappears in 10 to 15 seconds; grade 3, 4 to 6 mm, lasting \> 1 minute; grade 4, 6 to 8 mm, lasting as long as 2 to 5 minutes.

For the general population-based control group, data on demographic factors, chest X-ray, and blood tests were recorded for health screening subjects at Seoul National University Hospital Healthcare System Gangnam Center on the same day that BIA was conducted, in July and August of 2014 and July and August of 2015. These measurements were obtained during the same period of the year to eliminate seasonal influences. Height, weight, and blood pressure (BP) were measured on the day of BIA assessment with the patients dressed in examination gowns and fasting. BIA was measured using a S720 device (InBody) in an upright position. Diabetes and hypertension were assessed based on replies to a standardized questionnaire, and those who responded that they had diabetes or hypertension were excluded. Subjects with a fasting glucose level ≥ 126 mg/dL or a hemoglobin A1c level ≥ 6.5% were considered to have diabetes, while those with a systolic BP of \> 140 mmHg or diastolic BP of \> 90 mmHg were considered to have hypertension. Subjects with high-sensitivity C-reactive protein level higher than 0.5 mg/dL, cytopenia (white blood cell \[WBC\] count, \< 4,000/mm^3^; hemoglobin, \< 13 g/dL for men, \< 12 g/dL for women; platelet count, \< 130,000/mm^3^) in their complete blood cell count, and serum creatinine levels higher than 1.1 mg/dL for females or 1.2 mg/dL for males were also excluded. Subjects with other abnormal findings were excluded at the discretion of the investigator.

The BIA components of ICW, ECW, TBW, ECW/TBW, lean tissue index (LTI), protein mass, mineral mass, fat mass, percent body fat (PBF), waist-hip ratio (WHR), visceral fat area (VFA), basal metabolic rate (BMR), soft lean mass, body cell mass (BCM), and phase angle were estimated through BIA measurements. Segmental TBW, segmental lean mass, segmental ECW/TBW, and segmental phase angle were estimated through segmental BIA in the HD group. The LTI, a marker of nutrition, was defined as the quotient of fat-free mass divided by height squared (kg/m^2^), BMR (kcal) was calculated as fat-free mass × 21.6 + 370, the estimated normal hydrated weight was calculated as the ideal weight when the ECW/TBW was 0.385 \[[@b8-krcp-37-393]\], and relative overhydration (%) was defined as overhydration (L)/ECW (L) × 100. Measured ultrafiltration (UF) volume difference was defined as the value obtained by subtracting the post-HD weight from the pre-HD weight, while predicted UF volume difference was defined as the difference in overhydration predicted by BIA based on pre- and post-HD ECW/TBW. In other words, measured UF volume difference designated the actual weight difference before and after HD, while predicted UF volume difference designated the weight difference before and after HD that was predicted by the BIA device. The average values of pre- and post-HD BIA were used when comparing the BIA of HD subjects with that of the control group.

All HD patients provided informed consent before their BIA and laboratory data were measured. However, since this study was a retrospective analysis and did not involve further invasive intervention, treatments, or costs to subjects, it was exempted from the requirement for consent from the control group. The study design was approved by the Institutional Review Board of Seoul National University Hospital, Seoul National University Boramae Hospital and Seoul National University Hospital Healthcare System Gangnam Center (H-1503-158-663). The participants' records were de-identified and analyzed anonymously. This study was performed in accordance with the Declaration of Helsinki.

Extraction of controls using propensity score matching
------------------------------------------------------

To ensure that controls had demographic characteristics similar to those of HD subjects, propensity score matching (PSM) was applied for age, sex, and height in health screening subjects without hypertension, diabetes, chronic kidney disease, or other comorbidities that could be detected from their medical history and laboratory or chest X-ray findings. Among a total of 5,976 subjects at the Seoul National University Hospital Healthcare System Gangnam Center, 298 were finally identified through PSM. The logit probability was estimated through logistic regression by setting either HD or control as a dependent variable and sex, age, and height as covariates. A propensity score was derived from the estimated logit probability value, and as a result HD and control groups were generated that were homogenous in terms of sex, age, and height.

In this study, the delta value for the expected probability was a logit score designating whether HD or control was defined as ± 0.00005, and then whether HD or control was extracted homogeneously at the aspects of sex, age, and height, using the matching method ([Supplementary Table 1](#s1-krcp-37-393){ref-type="supplementary-material"}).

Statistical analysis
--------------------

To determine the control group for the study, PSM was conducted with SAS version 9.3 (SAS Institute Inc., Cary, NC, USA). To test the significance of the difference between the time-average observed value of the HD group and the observed value of the control group, the independent two-sample *t* test was conducted. Additionally, to test the difference between pre- and post-HD groups, the paired two-sample *t* test was performed. To confirm the concordance of the measured and the predicted UF fluid volumes, the Bland--Altman test was performed. A backward stepwise regression model was used to search for the clinical markers most closely correlated with LTI. The data were analyzed with SPSS version 23.0 (IBM Corp., Armonk, NY, USA). All reported *P* values are two-tailed, and the statistical significance threshold was set at *P* \< 0.05.

Results
=======

Demographic characteristics and BIA components of the control and HD groups
---------------------------------------------------------------------------

After PSM, the distribution of sex, age, and height (sex \[male\], 54.4% vs. 53.1%; age, 62 years vs. 63 years; height, 163 cm vs. 162 cm) was similar between the control group (n = 298) and the HD group (n = 147). The prevalence of diabetes was 48% in the HD group whereas there were no cases of diabetes in the control group. In the HD group, the dialysis vintage was about 5 years, and the mean UF volume was 1.89 ± 1.14 kg. The single-pool Kt/V (spKt/V) was 1.52, and the urea reduction ratio (URR) was 72, showing that HD was performed appropriately.

Compared to the control group, the systolic BP was higher and the diastolic BP was lower in the HD group. The mean chest thoracic (CT) ratio and WBC count of the HD group were higher, and the hemoglobin and platelet counts were lower. The nutritional indicators of lipid, protein, and albumin levels, aspartate aminotransferase (AST), and alanine aminotransferase (ALT) were lower in the HD group. The uric acid level in the HD group was higher, and the two groups also showed a difference in electrolytes ([Table 1](#t1-krcp-37-393){ref-type="table"}).

The average ECW/TBW and WHR were higher in the HD group; however, the other variables, including ICW, TBW, LTI, protein mass, mineral mass, BMR, fat, and PBF, were higher in the control group. Additionally, all components of BIA showed a difference between pre- and post-HD. Body water, including ICW and ECW, decreased after HD, and the LTI, protein mass, mineral mass, and BMR accordingly decreased. Fat mass and PBF significantly increased after HD ([Table 2](#t2-krcp-37-393){ref-type="table"}).

Regarding the components associated with relative overhydration of the HD patients, the CT ratio, leg edema, AST, alkaline phosphatase, and sodium were found to be positively correlated with relative overhydration; among these, the positive correlation with the CT ratio (*r* = 0.425, *P* \< 0.01) was the strongest ([Supplementary Table 2](#s1-krcp-37-393){ref-type="supplementary-material"}). In addition, relative overhydration was negatively correlated with the WBC count, platelet count, protein, albumin, blood urea nitrogen, creatinine, uric acid, potassium, phosphorus, triglycerides, and transferrin iron binding capacity (TIBC), and the negative correlation with creatinine (*r* = −0.452, *P* \< 0.01) was the strongest ([Supplementary Table 2](#s1-krcp-37-393){ref-type="supplementary-material"}). As the level of edema increased, mean relative overhydration increased (*P* for linear-by-linear association \< 0.001) ([Supplementary Fig. 1](#s1-krcp-37-393){ref-type="supplementary-material"}).

The Pearson correlation coefficients were calculated to verify the associations between the laboratory markers and LTI for the average values of the HD and control groups ([Table 3](#t3-krcp-37-393){ref-type="table"}). In the HD group, diastolic BP, creatinine, phosphorus, and TIBC showed positive correlations with LTI, while spKt/V, URR, and ferritin showed negative correlations. In the control group, systolic BP, diastolic BP, hemoglobin, WBC, ALT, creatinine, uric acid, potassium, and triglyceride showed positive correlations with the LTI, whereas platelet count, sodium, phosphorus, and total cholesterol showed negative correlations. We further performed multivariate analysis using backward stepwise regression with the values that were significant (*P* \< 0.05) in the univariate analysis. Among all subjects, females had a lower LTI. Using the average values from the HD subjects, lower URR and higher creatinine were closely correlated with a higher LTI. Among the controls, higher diastolic BP and creatinine were correlated with a higher LTI ([Table 4](#t4-krcp-37-393){ref-type="table"}).

Pre/Post-HD changes in BIA components
-------------------------------------

For body water distribution, the rate of change per 1 kg body weight after HD (%/kg) was higher for ECW than for ICW (ECW vs. ICW, 4.26 vs. 1.99, *P* \< 0.001 by the paired *t* test). ICW (1.99%/kg), TBW (2.86%/kg), estimated protein mass (2.29%/kg), mineral mass (2.43%/kg), and soft lean mass (2.74%/kg) were higher pre-HD than post-HD, and protein or mineral mass was estimated to be higher when patients were more overhydrated (pre-HD vs. post-HD: protein \[kg\], 8.58 vs. 8.24; mineral \[kg\], 3.05 vs. 2.90). The nutritional indices, such as BCM (2.02%/kg) or LTI (2.73%/kg), were also higher in the pre-HD than in the post-HD ([Supplementary Table 3](#s1-krcp-37-393){ref-type="supplementary-material"}), whereas fat (−1.79%/kg) and WHR (−3.28%/kg) decreased. In addition, the estimated normal hydrated weight that was estimated by ECW/TBW before and after HD was predicted to be approximately 1.5 kg higher pre-HD than post-HD.

The scatter plot of the predicted UF volume difference versus the measured UF volume difference before and after HD shows a high correlation (*r* = 0.924, *P* \< 0.001) except for several outliers ([Fig. 1](#f1-krcp-37-393){ref-type="fig"}). The mean ± standard deviation of the actual UF volume difference measured in all HD subjects was 1.89 ± 1.14 kg, while that of the predicted UF volume difference was 1.46 ± 1.02 kg. The correlation between the estimated and measured UF seemed to be very strong ([Fig. 1](#f1-krcp-37-393){ref-type="fig"}), with a quite modest bias of \<0.5 kg, although the two values were not the same statistically.

To verify the significance of the segmental changes in BIA between pre- and post-HD, the paired-samples *t* test was performed ([Table 5](#t5-krcp-37-393){ref-type="table"}). The pre/post changes were statistically significant in all areas of segmental water, segmental lean mass, ECW/TBW, and phase angle. For segmental water, ECW/TBW, and segmental lean mass, the post-HD means decreased compared with pre-HD, whereas for the phase angle the post-HD mean increased compared with pre-HD.

Excluding the arms with vascular access, the mean segmental water values in the extremities changed by 0.96%/kg to 5.78%/kg, the segmental lean mass changed by 0.65%/kg to 5.52%/kg, and the ECW/TBW changed by 1.15%/kg to 2.11%/kg. The mean phase angle changed by approximately 5.33% at the arm with vascular access, 3.50% at the trunk, and 11.74% and 12.84% at the lower limbs, revealing that the phase angle showed the greatest proportional change.

Discussion
==========

To understand the features of the BIA components in HD subjects, PSM was performed for age, sex, and height in health screening subjects without hypertension, diabetes, or chronic kidney disease. After PSM, the difference in the BIA components between the two groups was determined and the patterns of change in the BIA components pre-/post-HD were investigated, including the segmental components. HD patients had more ECW than the normal population; additionally, most nutritional indices were lower and the VFA was slightly higher in HD subjects. The relative overhydration of HD patients showed the highest correlation with the CT ratio and moderate correlation with leg edema. In contrast to the control group, the LTI of HD patients was not correlated with nutritional markers. In this study, we found that pre- and post-HD values of ECW/TBW were not identical but correlated very well; therefore, the estimated normohydrated weight using ECW/TBW can be a good marker for determining dry weight. In terms of segmental BIA changes, the greatest change occurred in the leg and the phase angle showed the greatest proportional changes.

In our study we adopted average BIA parameters as volume and nutritional markers of HD. This was because HD subjects experience cyclic volume changes, making it more appropriate to use the average volume status from pre- and post-HD data rather than the post-HD BIA parameters. Based on the study of Papakrivopoulou et al \[[@b9-krcp-37-393]\], we compared the average values of HD patients to those of controls because of periodic volume change fluctuations before and after dialysis in HD patients.

In the present study, the second BIA measurements were made 10 minutes after HD based on the protocol of Di Iorio et al \[[@b3-krcp-37-393]\]. These authors identified changes in impedance, reactance, and phase angle pre- and post-HD, and showed that the values measured post-HD were maintained for 2 hours after HD. Thereafter, the values continuously increased until the next round of HD. Therefore, this study was conducted based on the prediction that body composition indices would be constant from immediately after HD to 2 hours after HD, and then begin cyclical changes starting at 2 hours after HD. As HD patients experience overhydration until the subsequent HD, it is reasonable to evaluate overhydration using the mean pre- and post-HD values.

BIA has been widely used in previous studies as a helpful tool for estimating dry weight and body composition in HD subjects \[[@b2-krcp-37-393],[@b10-krcp-37-393]\]. Since it is highly reproducible, BIA has the advantage of low interobserver error \[[@b11-krcp-37-393]\]. In addition, correlations of BIA with dual X-ray absorption, which is the gold standard for body composition measurement, and subjective global assessment, which is the gold standard for nutritional indices, have been identified in HD subjects \[[@b12-krcp-37-393],[@b13-krcp-37-393]\]. As most indices provided by BIA have components estimated by the impedance associated with the amount of body water \[[@b14-krcp-37-393]\], pre-/post-HD changes in the above indices are expected and must be considered when interpreting the BIA results of HD subjects. The change in each index needs to be examined before HD, when the water is most excessive, and after HD, which reflects the patient's dry weight status, but these indices have not yet been precisely investigated to date. Chua et al \[[@b1-krcp-37-393]\] argued that nutritional assessments using lean body mass and BCM measurements were significantly confounded by hydration status, and fat mass was found to be relatively constant using whole-body BIA in a small number of HD subjects. This result is also consistent with our analysis. However, the study of Chua et al \[[@b1-krcp-37-393]\] had limitations in that it used whole-body BIA rather than segmental BIA and included incident HD subjects drawn from hospitalized patients with ESRD whose hydration status was not stable. In addition, they investigated the agreement of measured UF with TBW and ECW, and the degree of precision was poor when compared to the agreement between acute weight change and UF. In our study we showed a similar relationship, but it was confirmed that the simple terms of predicted and measured normal hydrated weight did not match and a systematic error in BIA was also found. Panorchan et al \[[@b6-krcp-37-393]\] measured segmental BIA in 676 European subjects and reported the trend that skeletal muscle mass increases and PBF decreases when overhydration is present. Our study showed a similar result to that of Panorchan et al \[[@b6-krcp-37-393]\], although the change in fat was not statistically significant. The reasons for this may include the small sample size of our study, such that statistical significance was not shown, or population differences between European subjects and the East Asian subjects from which our sample was drawn \[[@b1-krcp-37-393]\]. The excellent study of Panorchan et al \[[@b6-krcp-37-393]\] also compared pre- and post-HD BIA parameters. However, our study showed that the weight predicted using pre- and post-HD parameters was not the same, although the values were not significantly different, therefore we sought to compare more detailed parameters.

Although HD patients were overhydrated compared with the control group the nutritional indices were lower, which is consistent with the results of previous studies \[[@b15-krcp-37-393]\]. In the present study, overhydration itself increased nutritional components such as muscle mass, BCM, and phase angle. Considering that HD subjects were still overhydrated post-HD (ECW/TBW, 0.396), it might be predicted that they would be more malnourished than the measured BIA components indicated. In the present study, the average LTI of overall HD patients calculated using the mean ECW/TBW value of the control group (0.378) was lower than the value observed post-HD (LTI, predicted value when ECW/TBW = 0.378; post-HD vs. average in HD patients, 16.12 ± 1.95 vs. 16.56 ± 1.95, *P* \< 0.001). Likewise, we can predict that the fat mass of the HD group calculated using an ECW/TBW value of 0.378 was far greater than that observed in the post-HD subjects. This means that for the same volume as the control group, HD patients would have a lower LTI and more fat. Conventional nutritional laboratory markers were not correlated in HD patients. Moreover, albumin was not a significant predictor in either group because it has limited value as a nutritional marker in HD subjects \[[@b16-krcp-37-393]\]. The distribution of albumin in HD subjects was generally in the 3 to 4 g/dL range whereas most of the normal controls had albumin levels of 4 g/dL; we concluded that this difference had no discernible power.

BCM and LTI, used as nutritional indices \[[@b17-krcp-37-393]\], were higher in the pre-HD measurements than in the post-HD measurements (BCM, 2.02%/kg; LTI, 2.73%/kg). The normal hydrated weight at the pre-HD was also higher than that at the post-HD (normal hydrated weight, 1.22%/kg). Since both ECW and ICW decreased, the normal hydrated weight, which is estimated using ECW/TBW, seems to have changed.

We also examined the patterns of changes in segmental BIA. In terms of segmental water, the pre-/post-HD changes in the legs were proportionally higher than those in the arms. Segmental lean mass and ECW/TBW showed a similar pattern. The reason for this seems to be that subjects who walked upright had more severe edema in the legs than in the arms and torso before HD whereas the degree of edema in the arms and legs equalized in the supine position after HD. Phase angle increased by 5.3%/kg in arms without vascular access, 3.5%/kg in the trunk, and 11.74%/kg and 12.84%/kg in the lower limbs after HD, which were the proportionally greatest changes between pre- and post-HD among the segmental BIA components. Although phase angle is currently used as a nutritional marker in various populations \[[@b18-krcp-37-393],[@b19-krcp-37-393]\], it must be carefully interpreted when used as a nutritional marker in HD patients because this index dramatically changes in this population according to their level of overhydration.

The strengths of this study are as follows. First, the study protocol was designed to take into account seasonal and dietary influences in the maintenance HD subjects, thereby minimizing their effects on the measurements. As body water and body composition are affected by seasons, we synchronized the months in which BIA measurements were made in HD subjects and the control group to rule out seasonal influences. Moreover, the measurements were taken after fasting to rule out the effects of food intake. Second, a control group with homogeneous characteristics was derived using PSM, which adds weight to the observation that the principal differences between healthy subjects and dialysis patients are nutritional, causing relative overhydration. Finally, the correlations between BIA components and the CT ratio and leg edema, which are frequently used as bedside indicators, were examined. The study has the limitation that different BIA devices were used in the control and HD groups. Additionally, BIA of the control group was measured in the upright position, rather than in the supine position used for the HD group. However, both BIA devices were produced by the same company (In-body), were analyzed at the same time, and were found to have the same BIA parameters \[[@b20-krcp-37-393]\]. Moreover, since the BIA values obtained using the S10 device in the supine position were corrected for the values obtained with the S720 device in a standing position, this is unlikely to have been a major problem. Finally, the lack of data on residual kidney function data is a weakness of the study, although this only applied to 8% of the subjects. We included subjects with any diseases, including diabetes or hypertension, in the control group. Choosing a disease-free control group rather than a control group based on normal function might have exaggerated the findings of the study.

The primary purpose of this study was to compare BIA components between HD subjects and normal controls. HD subjects had more ECW compared with the general population; in addition, most nutritional indices were lower and visceral fat was slightly higher. In the control group known laboratory markers of nutrition were highly correlated with LTI, but this correlation was insignificant in HD subjects. Since most indices changed by a statistically significant degree according to the volume status, careful interpretation is necessary. It was almost possible to predict UF volume differences using BIA, but the increase in leg phase angle post-HD must be interpreted with caution.
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###### 

Clinical and laboratory information for the control and HD groups

  Variable                    Control (n = 298)   HD (n = 147)    *P* value
  --------------------------- ------------------- --------------- -----------
  Sex (male)                  162 (54.4)          78 (53.1)       
  Age (yr)                    62.2 ± 12.8         63.1 ± 13.6     
  Height (cm)                 163 ± 8             162 ± 9         
  Diabetes                    0 (0)               70 (47.6)       
  Vintage (yr)                \-                  4.86 ± 3.25     
  UF volume (kg)              \-                  1.89 ± 1.14     
  spKt/V                      \-                  1.52 ± 0.29     
  URR (%)                     \-                  72.02 ± 6.44    
  Pre SBP (mmHg)              115 ± 13            139 ± 22        \< 0.001
  Pre DBP (mmHg)              76 ± 10             73 ± 14         0.001
  Post SBP (mmHg)             115 ± 13            136 ± 24        \< 0.001
  Post DBP (mmHg)             76 ± 10             74 ± 13         0.012
  Pitting edema               \-                  80 (54.4)       
  CT ratio                    0.43 ± 0.38         0.52 ± 0.07     \< 0.001
  Hemoglobin (g/dL)           14.3 ± 1.5          10.1 ± 2.0      \< 0.001
  WBC (×10^3^/mm^3^)          5.22 ± 1.45         5.72 ± 2.11     \< 0.001
  Platelet (×10^3^/mm^3^)     233 ± 58            181 ± 85        \< 0.001
  Protein (g/dL)              7.22 ± 0.44         6.41 ± 1.21     \< 0.001
  Albumin (g/dL)              4.53 ± 0.22         3.68 ± 0.72     \< 0.001
  AST (IU/L)                  23.6 ± 8.3          18.3 ± 12.6     0.019
  ALT (IU/L)                  22.3 ± 11.4         14.7 ± 10.6     0.039
  ALP (IU/L)                  54.2 ± 15.1         78.9 ± 39.1     \< 0.001
  BUN (mg/dL)                 15.0 ± 3.3          55.8 ± 19.2     \< 0.001
  Creatinine (mg/dL)          0.83 ± 0.17         9.21 ± 3.21     \< 0.001
  Uric acid (mg/dL)           5.47 ± 1.34         5.99 ± 1.87     0.056
  Sodium (mmol/L)             141.7 ± 1.7         133.5 ± 22.9    \< 0.001
  Potassium (mmol/L)          4.27 ± 0.33         4.93 ± 1.15     \< 0.001
  Phosphorus (mg/dL)          3.49 ± 0.50         4.54 ± 1.65     \< 0.001
  Calcium (mg/dL)             9.18 ± 0.30         8.53 ± 1.59     \< 0.001
  Calcium × phosphorus        32.1 ± 5.1          39.9 ± 15.1     \< 0.001
  Total cholesterol (mg/dL)   198.9 ± 34.7        145.7 ± 47.5    0.029
  Triglycerides (mg/dL)       111.5 ± 64.9        100.8 ± 84.5    0.042
  HbA1c (%)                   5.51 ± 0.22         5.67 ± 13.80    \< 0.001
  TIBC (μg/dL)                \-                  218.9 ± 65.5    
  Ferritin (ng/mL)            \-                  164.4 ± 237.2   
  PTH (pg/mL)                 \-                  128.4 ± 169.6   

Data are presented as number (%) or mean ± standard deviation.

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CT, chest thoracic; DBP, diastolic blood pressure; HbA1c, hemoglobin A1c; HD, hemodialysis; PTH, parathyroid hormone; SBP, systolic blood pressure; spKt/V, single-pool Kt/V; TIBC, transferrin iron binding capacity; UF, ultrafiltration; URR, urea reduction rate; WBC, white blood cell.

###### 

Comparison of BIA components in the control group with average (Avg.) values in the HD group and changes in the BIA components between pre- and post-HD

  Variable        Control (n = 298)   Pre-HD (n = 147)   Post-HD (n = 147)   Avg. HD (n = 147)   *P* value[a](#tfn5-krcp-37-393){ref-type="table-fn"}   *P* value[b](#tfn6-krcp-37-393){ref-type="table-fn"}
  --------------- ------------------- ------------------ ------------------- ------------------- ------------------------------------------------------ ------------------------------------------------------
  BMI (kg/m^2^)   22.88 ± 2.68        23.06 ± 3.63       22.33 ± 3.51        22.69 ± 3.56        \< 0.001                                               0.002
  ICW (L)         21.62 ± 4.44        19.84 ± 4.12       19.06 ± 4.10        19.45 ± 4.10        0.001                                                  0.002
  ECW (L)         13.12 ± 2.51        13.40 ± 2.69       12.49 ± 2.62        12.95 ± 2.64        \< 0.001                                               0.744
  TBW (L)         34.73 ± 6.91        33.24 ± 6.76       31.55 ± 6.65        32.40 ± 6.69        \< 0.001                                               0.033
  ECW/TBW         0.38 ± 0.01         0.40 ± 0.01        0.40 ± 0.01         0.40 ± 0.01         \< 0.001                                               \< 0.001
  LTI (kg/m^2^)   16.80 ± 2.03        16.98 ± 1.96       16.14 ± 1.95        16.56 ± 1.94        \< 0.001                                               0.035
  Protein (kg)    9.31 ± 1.91         8.58 ± 1.79        8.24 ± 1.77         8.41 ± 1.78         \< 0.001                                               0.002
  Mineral (kg)    3.19 ± 0.59         3.05 ± 0.56        2.90 ± 0.55         2.97 ± 0.56         \< 0.001                                               0.039
  BMR (kcal)      1,390 ± 203         1,339 ± 196        1,292 ± 193         1,316 ± 194         \< 0.001                                               0.018
  Fat (kg)        16.83 ± 4.64        15.69 ± 7.76       15.98 ± 7.89        15.83 ± 7.81        \< 0.001                                               \< 0.001
  PBF (%)         26.38 ± 5.95        25.32 ± 9.89       26.65 ± 10.45       25.99 ± 10.14       \< 0.001                                               \< 0.001
  WHR             0.88 ± 0.05         0.88 ± 0.09        0.91 ± 0.09         0.90 ± 0.09         \< 0.001                                               \< 0.001

Data are presented as mean ± standard deviation.

BIA, bioimpedance analysis; BMI, body mass index; BMR, basal metabolic rate; ECW, extracellular water; HD, hemodialysis; ICW, intracellular water; LTI, lean tissue index; PBF, percent body fat; TBW, total body water; WHR, waist-hip ratio.

*P* value pre-HD compared with post-HD, and

*P* value of the control group compared with Avg. HD.

###### 

Analysis of LTI and laboratory markers of nutrition in the control group and the average (Avg.) HD group: univariate correlation

  Variable            LTI (Avg. HD)   LTI (control)            
  ------------------- --------------- --------------- -------- ----------
  SBP                 0.159           0.059           0.225    \< 0.001
  DBP                 0.212           0.012           0.389    \< 0.001
  spKt/V              −0.446          \< 0.001                 
  URR                 −0.474          \< 0.001                 
  Hemoglobin          0.005           0.955           0.571    \< 0.001
  WBC                 0.029           0.735           0.198    0.001
  Platelet            0.059           0.486           −0.159   0.006
  Protein             0.037           0.660           −0.148   0.010
  Albumin             0.036           0.666           −0.008   0.884
  AST                 0.001           0.988           0.070    0.231
  ALT                 0.131           0.118           0.280    \< 0.001
  ALP                 −0.079          0.349           −0.011   0.847
  BUN                 0.068           0.422           0.093    0.110
  Creatinine          0.310           \< 0.001        0.698    \< 0.001
  Uric acid           −0.130          0.123           0.517    \< 0.001
  Sodium              0.040           0.639           −0.238   \< 0.001
  Potassium           0.159           0.057           0.138    0.017
  Phosphorus          0.192           0.022           −0.462   \< 0.001
  Calcium             −0.024          0.775           −0.112   0.054
  Total cholesterol   −0.065          0.443           −0.280   \< 0.001
  Triglycerides       0.034           0.691           0.250    \< 0.001
  TIBC                0.171           0.043                    
  Ferritin            −0.239          0.004                    

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; DBP, diastolic blood pressure; HD, hemodialysis; LTI, lean tissue index; SBP, systolic blood pressure; spKt, single-pool Kt; TIBC, transferrin iron binding capacity; URR, urea reduction rate; WBC, white blood cell..

###### 

Analysis of lean tissue index and laboratory markers of nutrition in the control group and the average HD group: multivariate analysis using backward stepwise regression

                        B        SE      β        t         *P* value
  --------------------- -------- ------- -------- --------- -----------
  Average HD                                                
   Constant             24.068   1.954   --       12.319    \< 0.001
   Age (yr)             −0.019   0.01    −0.136   −1.854    0.066
   Female               −1.063   0.287   −0.274   −3.707    \< 0.001
   DBP (mmHg)           0.017    0.01    0.114    1.666     0.098
   URR (%)              −0.115   0.022   −0.375   −5.161    \< 0.001
   Creatinine (mg/dL)   0.131    0.052   0.189    2.508     0.013
  Control                                                   
   Constant             15.363   0.817   --       18.805    \< 0.001
   Female               −2.382   0.205   −0.586   −11.636   \< 0.001
   DBP (mmHg)           0.019    0.007   0.096    2.761     0.006
   Creatinine (mg/dL)   2.757    0.576   0.225    4.789     \< 0.001

DBP, diastolic blood pressure; HD, hemodialysis; SE, standard error; URR, urea reduction rate.

###### 

Segmental changes in bioimpedance analysis between pre- and post-HD (n = 147)

  Variable          Pre-HD           Post-HD          A (%)    B (%/kg)   *T*
  ----------------- ---------------- ---------------- -------- ---------- ---------
  Segmental water                                                         
   Arm without VA   1.868 ± 0.527    1.753 ± 0.532    6.17     2.87       11.445
   Arm with VA      1.941 ± 0.579    1.865 ± 0.610    3.90     0.77       6.071
   Trunk            15.808 ± 3.234   15.345 ± 3.249   2.93     0.96       10.398
   Right leg        5.299 ± 1.427    4.922 ± 1.330    7.13     5.78       22.844
   Left leg         5.257 ± 1.401    4.901 ± 1.317    6.77     5.34       24.772
  Segmental lean                                                          
   Arm without VA   2.391 ± 0.673    2.247 ± 0.680    6.04     2.82       11.382
   Arm with VA      2.480 ± 0.736    2.386 ± 0.776    3.81     0.69       6.049
   Trunk            20.149 ± 4.147   19.608 ± 4.168   2.69     0.65       9.699
   Right leg        6.743 ± 1.818    6.280 ± 1.700    6.87     5.52       22.481
   Left leg         6.685 ± 1.785    6.251 ± 1.683    6.48     5.03       24.480
  ECW/TBW                                                                 
   Arm without VA   0.389 ± 0.008    0.385 ± 0.009    1.15     0.61       14.349
   Arm with VA      0.394 ± 0.008    0.391 ± 0.010    0.88     0.29       8.935
   Trunk            0.403 ± 0.012    0.396 ± 0.015    1.72     1.37       22.107
   Right leg        0.408 ± 0.015    0.400 ± 0.017    1.98     1.70       19.317
   Left leg         0.409 ± 0.014    0.401 ± 0.016    2.11     1.78       21.972
  Phase angle                                                             
   Arm without VA   4.270 ± 0.917    4.629 ± 1.038    −8.42    −5.33      −12.050
   Arm with VA      3.854 ± 0.820    4.100 ± 0.945    −6.38    −2.37      −7.349
   Trunk            4.927 ± 1.086    5.243 ± 1.211    −6.41    −3.50      −5.259
   Right leg        4.027 ± 1.216    4.586 ± 1.409    −13.88   −12.84     −16.777
   Left leg         3.915 ± 1.177    4.447 ± 1.383    −13.59   −11.74     −15.813

Data are presented as mean ± standard deviation.

ECW, extracellular water; HD, hemodialysis; TBW, total body water; VA, vascular access.

A = (pre -- post) / pre (unit, %), B = \[(pre -- post) / pre\] / (pre weight -- post weight) (unit, %/kg).

*P* values are for comparisons between pre-HD and post-HD values; the *P* value of every variable was \<0.001.
